The phy.siological meclhanismls involved inl the toxic actions of 3-amino-1 ,2,4-triazole (aamitrole) 
.
The objectives of this study xvere: A, to develop teclhniques by 'whiclh the riboflavin nullification of amlitrole toxicity coul(d be observed with highler l)lants. and to coiimpare adenine an(d histidline with riboflavin by these techniques: B, to consider the possibility that the riboflavin effect -vas the result of non-phy0sio-logical processes: C, to comlpare the effectiveness ot riboflavin in species of higher I)lants that differ in their response to amitrole, an(l D, to determine if certain other nietabolites of theoretical interest mig-ht gi ye a(lditional redtuctions in amitrole toxicitv.
Materials & Methods
The seed-treatmnent methtod( in whichl metabolites weere applie(d to seeds in a coating of metlhyl cellulose was modified fromii a proce(lure originally developed by J. K. Leasure (personal commllluniication). The Dow Chemical Co.. -Midland, Mich.. for investigations on calcium pantotheniate nutllificatioin of 2.2-dichloro- 1 Received Sept. 22, 1961. propionic acicl (Dalapon ) toxicity to plants. The seed-treatmiient slurry is prepared as follows: A, Add 2 g of metlhyl cellulose ( (26)).
Flax and cucumber were examined as additional dicot species after the two legumes (alfalfa & soybeans) were observed to respond to amitrole in a manner unlike other species. Growth of the two legumes was partially inhibited by low rates of amitrole, but little additional inhibition was observed until the herbicide concentration was increased approximately 100-fol(d (fig 2) .
The Measurements from monocots were quantitatively more reproducible for roots than for coleoptiles. Growth measurements for the entire seedling length were used for all dicots because the transition region between roots and hypocotyls was not clearly distinguishable on some species.
The differences in sensitivity of the species to amitrole are apparent in the data (fig 2) . In the absence of riboflavin, 50 % inhibition (ED 50) of growth for the different species was obtainedl at amitrole concentrations ranging from 3 X 10-5 M to ca. Riboflavin alone had no real effect on seedling growth, but partial nullification by riboflavin of the inhibitory action of amitrole to seedling growth of balley (table II) , wheat, oats, alfalfa, corn, soybeatns flax. and cucumber (fig 2) is clearly demonstr;itedl. Experiments with buckwheat, the species considered most resistant to amitrole under field conditions, revealed little evidence of riboflavin reductiolis in toxicity of the herbicide. In th2 presenec of riboflavin, the other species seemed to approach a level of insensitivity to amitrole approximately equal to that of buckwheat (ED 50 values of ca.
10-2 r).
The response of the various species to amitrole andl to amitrole-riboflavin combinations leads one to consider the possibility that differences in riboflavin content of species might be important in determining the selective herbici(dal action of amitrole. Published values (17) (13. 23) and. in combination with adenine. to Escherichia coli (23) . But, with higher plants, histidine was not effective (13, 16, 22. 24) except for a slight reduction in amitrole inhibition of root hair growth (15) . Both histidine and riboflavin are derived metabolically from the purine. adenine. Reduction of amitrole toxicity by purines is usually small in comparison to reductions obtained with riboflavin or histidine but theylhave been reported for three species of higher plants (1, 22) and one species each of yeast (13) , algae (24) , and bacteria (23) . These observations may be interpreted as evidence either A, that amitrole is a general inhibitor of purine utilization or B. that amitrole inhibits the biosynthesis of purines. The first hypothesis draws support from the evidence that amitrole probably inhibits biosynthesis of histidine (13) , riboflavin (21) , and possibly nucleic acids (25) and from the inhibition of 4-aminoimidazole hydrolase. an enzyme involved in purine catabolism (19) . Sund (20) has suggested that the block in riboflavin biosynthesis occurs at the step involving breakage of the five-membered ring of adenine. The second hypothesis draws some support from the demonstration by Carter and Navlor (5, 6 ) that glycine and serine are utilized in the formation of a non-toxic metabolite of amitrole which is produced in higher plants (4 
